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Abstract In this paper, new set of universal functions,
Yn(χ;α); based on Goodyear’s time transformation formula
will be developed analytically and computationally for the
two body-initial value problem, where n is non negative in-
teger, χ , new independent variable, a kind of generalized
anomaly, and α is the reciprocal of the orbit’s semi-major
axis.

For the analytical developments, the proofs of the linear
independence of the Y ’s functions, differential and recur-
rence formulae satisfied by them and their relations with
the elementary function are given. Full, set of the identi-
ties for the Y ’s functions are listed to serve as a ready refer-
ence when need. Exact analytical expressions of the general
universal Kepler’s equation for the time t ∈ [t�, ts], together
with some orbital parameters are developed as power series
of χ ; also some recurrence formulae are given to facilitate
their computations. Finally, symbolical series solution of the
general Kepler’s equation is established, and the literal ana-
lytical expressions of the coefficients of the series are listed
in Horner form for efficient and stable evaluation.

For the computational developments, algorithm for the
evaluation of the Y ’s functions is constructed. Computa-
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tional initial value problem in terms of the Y ’s functions
is developed for which an efficient iterative method of arbi-
trary positive integer order of convergence ≥ 2 is established
for the universal Kepler’s equation. The method is of dy-
namic natural in the sense that, on going from one iterative
scheme to the subsequent one, only additional instruction
is needed. The applications of the method are illustrated by
numerical examples of some test orbits of different eccen-
tricities. The numerical results are accurate and efficient.
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1 Introduction

The applications of the conventional equations of space dy-
namic for the motion of Earth’s artificial satellites give in-
accurate predictions. The reason for this is due to the fact
that the equations of motion are unstable in the Lyapunov
sense (Stiefel and Scheifele 1971). In brief the deficiency of
these equations is due to the choice of the variables, which
in turn has led some authors to propose successful methods
to change of the dependent and/or independent variables so
as to regularize the differential equations of motion. On the
other hand, besides the known types of conic motion, the
given type of an orbit is occasionally changed by perturbing
forces acting during finite interval of time. Moreover, a com-
plete interplanetary transfer all types of the two body motion
(elliptic, parabolic, or hyperbolic) appear. For examples the
escape from the departure planet and the capture by the tar-
get planet involve hyperbolic orbits, while the intermediate
stage of the mission commonly depicted as a heliocentric el-
lipse, may also be heliocentric parabola or hyperbola. Thus
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